Background: Proton pump inhibitors (PPIs) are widely prescribed for gastrointestinal conditions, such as gastroesophageal reflux disease and dyspepsia, and for prevention of gastric ulcer. Although previous reports have described inappropriate prescription of PPIs in the hospital setting, data from the community are lacking.
RÉSUMÉ
Contexte : Les inhibiteurs de la pompe à protons (IPP) sont largement prescrits pour traiter les troubles gastro-intestinaux, comme le reflux gastro-oesophagien et la dyspepsie, et pour prévenir l'ulcère gastrique. Bien que des rapports antérieurs aient parlé de la prescription inadéquate des IPP dans les établissements de santé, il n'y a pas de données provenant de la communauté. These drugs tend to be used for long periods for the treatment of chronic conditions such as gastroesophageal reflux disease (GERD) and dyspepsia, or for the prevention of gastric ulcers in people who are taking nonsteroidal anti-inflammatory drugs (NSAIDs). 2 However, the safety of long-term PPI use remains controversial. PPIs have been associated with increased risk of various adverse effects such as kidney disease, pneumonia, Clostridium difficile infection, fracture, and hypomagnesemia. 3 Recently, an increased risk of death was reported for PPI use relative to no PPIs, with a hazard ratio of 1.15 (95% confidence interval [CI] 1.14-1.15). 4 Previous publications have described inappropriate prescription of PPIs. The recent literature (2012-2015) reported rates of inappropriate prescribing that ranged from 19% to 86%. [5] [6] [7] [8] [9] [10] [11] [12] [13] However, all but 2 of these reports involved retrospective chartbased studies. Since the indication for PPI use may not be rigorously documented in patient charts, use of this type of study design may have led to overestimation of inappropriate prescribing. Differences in usage criteria, practice guidelines, study populations, and local medical practices may also explain the wide range in reported prevalence of inappropriate PPI prescriptions. Moreover, all of these studies were carried out in a hospital setting, such that they mainly described PPI prescription patterns by hospital physicians for inpatients. Appropriateness of PPI prescribing in the community setting has been addressed by only a few investigators. 14, 15 Recent data for this setting, especially in the Canadian population, are still lacking.
The objective of this study was to document the prevalence of inappropriate PPI prescriptions in an ambulatory population.
METHODS
This prospective cross-sectional study was performed in the emergency department of the Centre hospitalier de l'Université de Montréal (CHUM) in Montréal, Quebec. This institution is a multispecialty tertiary care teaching hospital spread over 3 physical locations, each with its own emergency department. Eligible patients were adults presenting to any of the 3 emergency departments and taking a PPI at home at the time of admission. Using the list of patients registered in the emergency department computer system, research assistants identified all potential PPI users from information recorded in the Quebec Health Record or available from the institution's outpatient pharmacy or from long-term care home medication lists. The Quebec Health Record is a computerized medical record for all patients in the province of Quebec, which documents clinical information and prescription drugs.
Screening was done on weekdays, during regular working hours, from June 20, 2016, to March 29, 2017. To further ascertain outpatient use of PPIs, patients were interviewed during their stay in the emergency department. Patients who initiated a PPI during their visit to the emergency department and those who were readmitted over the study period were excluded. The data were collected using medical and nursing observation sheets in patient charts and the patient interview. Demographic data were age, sex, and reason for the consultation. PPI data recorded were the indication for PPI treatment or prophylaxis, the type of PPI, and the dose and dosage regimen. The duration of PPI therapy was assessed for all PPI indications. The indication for PPI prescription was identified through patient inquiry, review of clinical notes, and previous hospital medical records. Medical data included the gastrointestinal medical history, as well as medical history related to neurologic, psychiatric, cardiovascular, pulmonary, nephrologic, endocrinologic, and rheumatologic conditions, and to chronic kidney failure and cancer. Concomitant use of NSAIDs, oral and parenteral anticoagulants, steroids, platelet aggregation inhibitors, and selective serotonin reuptake inhibitors (SSRI) was also determined.
PPI prescriptions were compared with the guideline published by the Conseil des médicaments (now incorporated within the Institut national d'excellence en santé et en services sociaux [INESSS] ), published in 2010. 2 The mission of the INESSS is to promote clinical excellence and the efficient use of health resources. PPI prescriptions were considered appropriate if dyspepsia, GERD, Zollinger-Ellison syndrome, or esophagitis secondary to GERD was present. The use of a PPI was considered appropriate if the duration of therapy was 8 weeks following diagnosis of ulcer or 4 months for Helicobacter pylori infection. PPI for ulcer prophylaxis in patients using NSAIDs was considered appropriate under the following conditions:
• presence of one or more of the following risk factors: age 75 years or older; history of peptic ulcer; use of warfarin, heparin (unfractionated and low molecular weight), or direct oral anticoagulants • presence of 2 or more of the following risk factors: age 65-74 years; comorbid diseases (arthritis, diabetes mellitus, or cardiovascular disease); use of steroids, acetylsalicylic acid (ASA), platelet aggregation inhibitors, or SSRI. Patients using low-dose ASA were not considered to be NSAID users. The use of PPI for ulcer prophylaxis in patients 65 years or older who are taking ASA or platelet aggregation inhibitors and in patients 75 years or older who are taking celecoxib without other risk factors remains controversial. Use of PPI in these patients was not considered "appropriate" for purposes of the main analysis, because these indications are not mentioned in the INESSS guidelines; however, they were analyzed separately.
Continuous and categorical variables were described using means and proportions, respectively. Analyses were performed using SPSS 24 (IBM, Armonk, New York). The study protocol was approved by the CHUM research ethics board. Verbal consent was required and obtained before each patient interview.
RESULTS
During the 9-month study period, 2417 patients were screened, of whom 1458 were not taking a PPI at home before their visit to the emergency department and 24 were unable to answer the survey. Of the remaining 935 patients who met the inclusion criteria, 64 refused to participate; therefore, 871 patients were included in the study. The mean age ± standard deviation was 68 ± 15 years, and 476 (54.6%) of the patients were women. Comorbid conditions identified in the study population are listed in Table 1 . The most common reasons for medical consultation in the emergency department were shortness of breath (105, 12.1%), gastrointestinal pain (78, 9.0%), general deterioration (69, 7.9%), pain other than gastrointestinal (97, 11.1%), and infection (44, 5.1%).
Characteristics of PPI use in the study population are reported in Table 2 . A total of 769 patients (88.3%) took their PPI once daily, 101 patients (11.6%) took their PPI twice daily, and 1 patient took the PPI three times daily. The most common indication for a PPI prescription reported during the patient interview was "heartburn" (n = 247 patients), followed by ulcer prophylaxis (n = 220), GERD (n = 170), dyspepsia (n = 51), and gastric ulcer therapy (n = 38); 123 patients did not know the indication for their PPI prescription, and 22 had other indications. In addition to the PPI therapy, an SSRI was prescribed for 113 patients (13.0%), steroids for 154 patients (17.7%), NSAIDs for 63 patients (7.2%), and platelet aggregation inhibitors for 67 patients (7.7%). Direct oral anticoagulants, warfarin, and parenteral anticoagulants were prescribed for 101 (11.6%), 66 (7.6%), and 28 (3.2%) patients, respectively.
Overall, for 604 patients (69.3%), the PPI was prescribed for an appropriate indication. Some patients had more than 1 appropriate indication for the PPI prescription (Table 3) . No patient was taking a PPI for Zollinger-Ellison syndrome. When the controversial indications for PPI prescriptions were counted as appropriate, the incidence of appropriate prescription was 694 patients (79.7%). Some patients had more than 1 controversial indication for the PPI prescription. No patient aged 65 to 74 years had a prescription for NSAID therapy without any other risk factor.
The mean age of patients with inappropriate PPI prescription was significantly higher than the age of patients with appropriate This single copy is for your personal, non-commercial use only. For permission to reprint multiple copies or to order presentation-ready copies for distribution, contact CJHP at publications@cshp.ca PPI therapy, with a difference of 3.8 years (95% CI 1.6-6.0 years). A higher proportion of patients with a history of psychiatric disease had an appropriate PPI prescription regimen. Neurologic, cardiovascular, and pulmonary comorbid diseases and patients' sex were not associated with inappropriate PPI prescribing.
DISCUSSION
The appropriate use of PPIs has been studied in the hospital setting in various studies, but only a few authors have addressed the prescribing of PPIs in the community setting. In 2007, Batuwitage and others 14 published their prospective assessment of PPI indications in 66 patients, reporting that PPI therapy was appropriate for 30 patients (46%), according to guidelines of the UK National Institute for Health and Care Excellence (NICE). In a retrospective study, Heidelbaugh and others 15 evaluated 946 patients with a PPI prescription, of whom 341 (36.1%) did not have an appropriate indication.
Overall, this study found a 30.7% incidence of inappropriate PPI prescriptions in the community setting, according to the INESSS practice guidelines; the incidence was 20.3% if controversial indications were considered appropriate. These findings suggest that inappropriate prescribing of PPIs remains problematic in the community setting in the province of Quebec, despite the publication, in 2010, of guidelines concerning the use of PPIs from the INESSS (formerly the Conseil des médicaments), an agency of the Quebec health ministry. 2 The difference between the current results and those of Batuwitage and others 14 can be explained by our consideration of PPI prescriptions for all patients with dyspepsia as appropriate, whereas the NICE guideline accepted PPI therapy for this condition only if the duration was 1 month and the dyspepsia had not been investigated. The lower rate of inappropriate PPI prescribing in the current study relative to that of Heidelbaugh and others 15 may be attributed to our prospective study design, which allowed more accurate detection of gastrointestinal diseases through patient interviews.
For one of our analyses, we defined PPI therapy for controversial indications as appropriate. Despite the absence of clear guidelines on PPI use for these controversial indications, recent evidence has shown the efficacy of PPIs in the prevention of gastrointestinal events, especially for the elderly population. In a study published in 2013, Hedberg and others 16 compared the risk of gastrointestinal ulcers and bleeding in patients using low-dose ASA with and without PPI. The hazard ratio was 1.14 (95% CI 1.05-1.23) for the group not taking PPI relative to the continuous PPI users, who had high adherence. Rahme and others 17 studied the risk of hospital admission for a gastrointestinal problem among patients taking celecoxib with and without a PPI. Overall, there was no significant difference between the 2 groups. However, in a subgroup analysis, the authors detected a reduction of events in elderly patients (75 years and older) using celecoxib and a PPI; the hazard ratio was 0.56 (95% CI 0.38-0.81) relative to those not taking a PPI. Hsu and others 18 studied the incidence of recurrent peptic ulcer in patients using clopidogrel with and without esomeprazole and found a statistically significant difference favouring the combination therapy.
One strength of the current study was that patients were recruited prospectively, which allowed us to collect more accurate data on patients' medical history and indication for PPI therapy. Inclusion of patients who were not actually taking PPIs was avoided by directly questioning potential participants about their PPI use. In contrast, a retrospective study might have included patients who had a PPI prescription but were not actually taking the drug.
This study also had limitations. The study design did not permit systematic recruitment of patients arriving in the emergency department. Patients who arrived for consultation during the evening, at nighttime, and on weekends may have left without being screened for this study, which increased selection bias. However, this bias was reduced by collecting the data over a 9-month period and performing the analyses on a large sample. Young patients may visit the emergency department outside of regular working hours, which might explain the high mean age of study participants. A prescription for PPI may not necessarily reflect prescribing practices of the hospital's medical staff, since the PPI prescriptions for many of the included patients were dispensed in the ambulatory setting. The results related to PPI prescribing patterns may reflect the larger Montréal region, rather than the vicinity of the hospital centre. Because the study took place in a single health centre, the results may not be generalizable to the province or the country. Similarly, because the study included only patients visiting the emergency department, the results may not be generalizable to the entire ambulatory population. Nonetheless, PPI prescribing guidelines are the same across the province, and these provincial guidelines are very similar to national and international guidelines, so it may be reasonable to extrapolate the results to a larger population.
Despite the use of patient interviews and a medical chart review, it is possible that some medical data were missing because of memory bias or data missing from the charts. The indication for PPI use was determined in part from the patient interview, but patients may report gastric disease not based on a medical diagnosis, which may also lead to overestimation of appropriate PPI prescriptions. The cross-sectional design impeded accurate estimation of PPI use over time, and data on drug use was not available from the insurer database. Hence, the time since diagnosis of gastric ulcer and the duration of PPI use were estimated by the patient, which could lead to misclassification of appropriateness. The provincial guideline suggests initial PPI therapy for 4 weeks for uninvestigated dyspepsia with or without GERD for symptoms that are present at least 3 days/week. Long-term PPI therapy must be re-evaluated and continued only if the dyspepsia symptoms persist. Adherence with this recommendation could not be assessed in this study. The lack of evaluation of PPI use over time, and the lack of data on medical follow-up may have led to overestimation of appropriate PPI prescriptions. Patients' compliance with prescribed therapy was not evaluated in the current study but could be an interesting topic for further investigations.
In addition to safety concerns related to inappropriate prescribing of PPIs, the economic burden to the health care system is substantial. According to the INESSS, the monthly cost of PPI prescriptions in March 2014 was $8.9 million, 19 or an estimated annual cost of about $106.8 million. Using the rates determined in the current study, $21.7 million to $32.8 million of this total may relate to inappropriate PPI prescribing. Furthermore, this amount does not take into account patients with private insurance coverage, so the true cost may be greater.
CONCLUSION
Inappropriate prescription of PPIs remains high, despite the existence of guidelines and even when controversial indication criteria were counted as appropriate. Inappropriate prescribing of PPIs may expose patients to adverse reactions such as hypomagnesemia, pneumonia, and fractures. Inappropriate prescribing also carries substantial financial costs.
